Knowledge about the risks of the nanoparticles application on the plant development and human health is still limited. Different concentrations of nano-selenium (0, 20 and 40 ppm) were applied to three different Egyptian groundnut (Arachis hypogaea l.) cultivars; (NC, Gregory and Giza 6) under sandy soil conditions at vegetative growth stage to investigate their effects on yield components, protein profile, fatty acids composition, total antioxidant content and cytotoxicity of yielded seeds. The results indicate that the tested Nano-Selenium (Nano-Se) concentrations improved yield components and seeds oil. However, Nano-Se altered protein signatures as well as fatty acids composition by increasing unsaturated fatty acids and/or decreasing saturated fatty acids as compared with control, the cytotoxicity assessments proved safety of the yield for human health.
Introduction
Groundnut (Arachis hypogaea L.) is an economic oilseed plant in the world; the seed provides 50-65% oil and 25-35% proteins, while the rest of the plant parts provide livestock fodder. The roots have nodules which provide nitrogen to soil, thus improves soil fertility. The stability and nutritional value of groundnut oil depend on the polyunsaturated fatty acids, certainly linoleic and linolenic acids [1] . The tested groundnut cultivars are different at physiology and morphology levels and possibly cultivated in Egyptian newly reclaimed sandy soil which faces shortage of soil fertility and water resources and salinity and/or drought stress [2] . Selenium (Se) is an essential micronutrient for humans, animals, and other organisms [3] . However, the role of nanoselenium (Nano-Se) in higher plants has not been illustrated distinctly. Earlier studies have evidenced that exogenously foliar application of nano-selenium enhanced the antioxidant potential in sweet basil (Ocimum basilicum L.) [4] ; growth of tobacco (Nicotiana tabacum L.) [5] ; groundnut (Arachis hypogaea L.) [2] and yield of mustard (Brassica rapa L.) [6] . In this concern, Djanaguiraman et al. [7] revealed that Se application decreased lipid peroxidation and cell membrane damage through increasing superoxide dismutase (SOD) and glutathione peroxidase (GPX) enzymes activities leading to prove its anti-oxidative activity. The increased growth in higher plants by Se application is through higher leaf photochemical efficiency [8] .
Nanotechnology has a wide range of applications; one of them is nano-agriculture, which used to improve the productivity of plants and bio-controlling [9] , fuel production [10] , food industry [11, 12] , environment protection [13, 14] and producing of antimicrobial agents [15, 16] . Higher plants are different in ability of absorption and accumulation of synthetic engineered nanoparticles. The nanoparticles induce changes in several metabolic pathways, which finally affect plant growth and developments [17] . The effects of Nano-Se on different plant species can vary greatly with plant growth stages, method, and duration of exposure and depend on the nano-Se shape, size, chemical composition, concentration, surface structure, aggregation, and solubility [2] . Nano-Se has a potential antioxidant activity with reduced toxicity due to its redox state of zero (Se 0 ). Selenium nanoparticles are bright red and highly stable colloidal state has been synthesized to be used in nutrition and developed for applications in medical therapy [18] . The biological activity of Nano-Se increases with their surface to volume ratio and decreasing particle size. Seleno-amino acids, seleno-methionine and seleno-cysteine, are accountable for the many biomedical effects of dietary Se, that is important in the scavenging of free radicals, protection against oxidative stress [19] . Nano-Se as a fertilizer can be used for increasing productivity of crop yield. Thus, it was revealed that there is a good opportunity for the intervention of Nano-Se in the area of nano-agriculture [20] .
Our earlier study on groundnut plants (Arachis hypogaea L.) demonstrated that foliar application of Nano-Se improved plant growth, the leaf antioxidant peroxidase enzyme and decreased lipid peroxidation. However, there is still a gap of research interest in the effect of the presence of Nano-Se in living systems. For that, the present study evaluated the effects of Nano-Se on total antioxidant values, protein profiles, fatty acids composition in groundnut plants and their toxic effects on in human cell lines to validate weather yielded seeds originated from Nano-Se treated plants possess biosafety properties.
Materials and methods
A pot experiment was designed during summer season 2017 in the greenhouse of National Research Centre, Giza, Egypt to investigate the effect of selenium nanoparticles (Nano-Se) on yield and biochemical profile of three different groundnut (Arachis hypogaea l.) cultivars and biosafety of seed yields. Seeds of groundnut cultivars (NC, Gregory and Giza 6) were sown in plastic pots (40 cm diameter and 40 cm depth) filled by sandy soil and arranged by factorial experiment in complete randomize design with 5 replicates for each treatment.
Selenium nanoparticles
Stock solutions of 100 mM sodium selenite and 50 mM ascorbic acid were prepared in distilled H 2 O. A ratio of 1:4 sodium selenite to ascorbic acid was reacted from the stock solutions. The ascorbic acid was mixed drop wise with the sodium selenite solution under magnetic stirring (600 rpm) at room temperature for 30 min. The mixture was allowed to react till the colour changed from colorless to light orange [2] . The produced selenium nanoparticles were characterized using spectrophotometer (Jenway UV/Visible-2605 spectrophotometer, England) and transmission electron microscopy as described by Youssef et al. [21] . Nano-Se concentrations (0, 20 and 40 ppm) were prepared and applied two times over a period of two weeks as foliar spray on plants after 45 and 60 days, respectively from sowing.
Yield components
At the harvest time, 120 days after planting, yield components (number of pods per plant, pods weight per plant, number of seeds per plant, seed weight per plant, seed index and oil yield per plant) were estimated.
Oil content
The oil content of the seed yield was estimated according to the procedure of the A.O.A.S. [22] .
Fatty acids composition
Quantitative estimation of fatty acid profile was detected by gas liquid chromatography. The lipid samples were methylated according to Slover and Lanza [23] . Each fatty acid percentage was calculated using the next equation:
Fatty acid % ¼ Area of each peak Total area of all peaks x 100
Proteomic analysis
The plant tissue was frozen rapidly with liquid nitrogen to make the plant more fragile and ground before shaking in the buffer [24] . The dried samples were mixed with 1 ml of water-soluble protein extraction buffer in eppendorf tube and left in refrigerator overnight. The samples were vortexed for 15 s and centrifuged at 5000 rpm at 4 C for 10 min. The supernatants containing watersoluble proteins were transferred to new eppendorf tubes and kept at deep-freeze until use for electrophoretic analysis [25] . To determine the relative molecular weight of extracted proteins, sodium m dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed on a stacking and separating gel according to the method of Laemmli [26] using Mini-gel electrophoresis (BioRad, USA) [27] . The molecular weight of the isolated proteins was estimated in comparison to standard molecular weight markers (Marker, 11-245 kDa; Sigma, USA). The protein bands were visualized by staining with Coomassie Brilliant Blue G-250 (Sigma, USA) after documentation [28] .
Antioxidant activity
To estimate the total antioxidant, groundnut plants seeds treated by Nano-Se was extracted in 80% acetone and detected depending on free radical scavenging by α-diphenyl-β-picrylhydrazyl [29] . Data represented as mg Trolox g À1 DW.
Cytotoxicity assessment
In this study, two human cell lines were used. A normal human cell line (BJ1) derived from healthy skin tissue and (Rep1) Retina, Eye; Pigmented Epithelium. Cell lines were obtained from Karolinska Center, Department of Oncology and Pathology (Stockholm, Sweden). All these cell lines are described as adherent cells, as they adhere to the surface of the flask in which they are grown [30] .
Cell lines were maintained in Dulbecco's Modified Eagle's Medium (DMEM) (Lonza, Basel, Switzerland) and supplemented with 10% fetal bovine serum (Lonza) and 1% ampicillin and streptomycin. The cells were passaged using the following method. Table 1 Effect of Nano-Se on yield components of some groundnut (Arachis hypogaea l.) cultivars cultivated in sandy soil. Table 3 Effect of selenium nanoparticles on protein profile in yielded seeds of some groundnut (Arachis hypogaea l.) cultivars grown in sandy soil. No. The old media was decanted, and the cells were rinsed with 3 ml of trypsin (Lonza). Another 3 ml of trypsin (1X) was added to remove the adherent cells from the flask; then the flask was placed in the incubator for 5-15 min at 37 C and 5% CO 2 . The cells were constantly viewed under the inverted microscope until the cells were dispersed. DMEM's medium was added to the flask to complete the volume to 20 ml then 2-3 ml of FBS was added to inhibit the effect of trypsin as the prolonged exposure is harmful to the cells. The anti-proliferative effects of the plant extracts were tested in vitro on the 2 cell lines, BJ1and RPe1 using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay [31] . The cells were cultured in 96-well plates, where each well contains 5 Â 10 5 cells. For accuracy, a multi-channel pipette was used throughout the experiments. A 100 ppm final concentration of tested extracts was added in triplicates. The cells were treated for 48 h. 0.5% DMSO was used as a negative control. Cytotoxic was determined using MTT [3-(4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium bromide] assay as described by Mosmann [32] .
Types of Groundnut Cultivars

Types of Cultivar
The assays were developed by removal of medium from each well after the incubation of the cells with and without the extracts.
In each well, 40 ml of MTT (BioBasic, New York, USA) was added then the plates were incubated for 3-4 h. in 5% CO 2 incubator. After the incubation, 140 ml of sodium dodecyl sulfate (SDS) (solubilizing reagent) (ADWIC, Egypt) were added to each well and left for 20 min. The plates were then measured at 595 nm, which is the optimal absorbance according to multiple sources, on a microplate reader [31] .
Percentage inhibition = 100 -(abs. of treated cells/abs. of untreated cells) x100
Statistical analysis
Data were statistically analyzed as a split plot design according to Snedecor and Cochran [33] . Data indicated mean values AE standard errors of the mean. Duncan's test was used to analyze the difference between treatments (p < 0.05 is considered as significance level).
Results and discussion
Nano-selenium preparation and characterization
Selenium is an essential element for plant growth. Also, the nano-scale of this element will be promising for increasing yield and immune system as well as plant fertility. For that, this study aimed to increase the plant yield and physicochemical properties beside the evaluation of cytotoxicity of nano-Se on plant crops. Nano-Se was prepared through chemical reduction of sodium selenite by ascorbic acid. One peak was detected at wavelength 400 nm described selenium formation at nano size (Fig. 1A) . Engineered Nano-Se size was about 10-30 nm with red color and almost spherical morphology (Fig. 1B) . Treatments were applied two times over a period of two weeks as foliar spray on plants after 45 and 60 days, respectively from sowing. Table 1 showed that, the application of 20 ppm Nano-Se on NC plants, exhibited no significant effect on yield components, with the exception of No. of pods/plant, which showed a positive response (P < 0.05) represented by 75% compared to control. The magnitude response was much more pronounced with 40 ppm Nano-Se for increasing yield and its components. The increment represented by 143.8%, 70.0%, 48.7%, 50.1% and 53.2%, respectively for number of pods/plant, pods weight/plant, seeds weight/plant, number of seeds/plant and oil yield/plant compared to the unsprayed plants. While, shelling % was declined by 12.7% and 18.74% with 20 ppm and 40 ppm treatments, respectively compared to control.
Yield components
Data represented in
On the other hand, in Gregory, 20 ppm Nano-Se seemed to be the most effective treatment for improving yield components (P < 0.05). The increments reached 200% in pods number/plant, 129.0%, in pods weight/plant, 204.4% in seeds weight/plant, 64.5% in seeds number/plant, 100.8% in 1000-seed weight, 30.17% in shelling % and 224.4% in oil yield/plant. Concerning Giza 6 var., 40 ppm Nano-Se was the best effective treatment for the enhancement of yield components (P < 0.05). The increments reached 106.28% in pods number/plant, 47.0%, in pods weight/plant, 20.40% in seeds weight/plant, 55.5% in seeds number/plant, 48.29% in 1000-seed weight and 31.81% in oil yield/plant over the controls. Similar results were obtained in study on Arabidopsis thaliana and Brassica juncea [34, 35] . The role of Nano-Se in improvement of plant productivity might be due to the cellular ionic and osmotic balances which improve photosynthesis by increasing the abundance of green pigments resulting in decreased ROS levels, reactivation of antioxidants, and enhanced production of effective photochemical efficiency [36] . Moreover, Djanaguirama et al. [18] cited that Nano-Se significantly increased seed yield due to increment of photosynthetic rate and seed number per panicle. This was accomplished by decreased ROS content in the leaves along with higher antioxidant enzyme activities. 
Fatty acids composition
The results presented in Table 2 declared that foliar spray of 20 ppm and 40 ppm Nano-Se on NC cv. plants resulted in significantly decrement in behenic acid by 52.43% and 100%, respectively compared to the control. Arachidic and lignoseric acids disappeared in all Nano-Se treated plants. On the other hand, Nano-Se treatment increased palmitic and stearic saturated fatty acids. The increase was directly proportional to the applied concentration of Nano-Se. Moreover, Nano-Se treatment, especially at 40 ppm increased the Linoleic unsaturated fatty acid by 12.14% but declined oleic and linolenic by 16.0% and 29.6%, respectively compared with untreated plants. Regarding Gregory var., 20 ppm Nano-Se decline palmitic, stearic, arachidic, and lignoseric acids evaluated by 10.78%, 15.84%, 8.38% and 10.1%, respectively but cause a slight increase in behenic acid compared to the seed of the control. Plants treated with 40 ppm show decrement in palmitic and stearic acids evaluated by 21.2% and 26.2%, respectively but increment in behenic, arachidic acid and lignoseric acids reached 61.86%, 42.93% and 22.94%. The linoleic (unsaturated fatty acid) was significantly decreased by 13.16%, and 23.48%, respectively in response to 20 ppm and 40 ppm Nano-Se compared to the control values. On the other hand, 20 and 40 ppm Nano-Se increased oleic acid by 15.54% and 21.0% respectively compared to the control value. In Giza 6, Nano-Se at high concentration decreased stearic, behenic, archidic and lignoseric acids by 8.33%, 21.64%, 20.84% and 100% as well as declined oleic and linolenic by 13.70% and 8.94% but increased linoleic by 29.43% compared to the corresponding control values. Interestingly, according to the present results, Nano-Se was found to have a positive impact on the oil quality of the studied groundnut cultivars, indicating a functional role of this element. Such positive role may be achieved by Se via protein-oil interaction [37] or via activation of appropriate enzymes.
Protein pattern
Comparison of the protein patterns of yielded seeds of Nano-Se treated groundnut cultivars revealed many differences in the protein bands (Table 3 & Fig. 2) . In NC cv., Nano-Se concentrations (20 ppm and 40 ppm) caused disappearance of the proteins with molecular weight 109, 59, 50 and 18 KDa but induced the synthesis of new proteins with molecular weight 53 and 40 KDa. Only at low Nano-Se concentration, original proteins with molecular weight 40 and 15 KD were disappeared. On the other side, only at high Nano-Se concentration (40 ppm), protein band with molecular weight 64 KDa was missed. In Gregory cv., 20 ppm Nano-Se treatment caused disappearance of proteins with molecular weight 115KD, 50KD, 30 KD, 25 KD, 18 KD, 15KD and induced formation of proteins with molecular weight 75 KD, 53 KD and 40 KD. Unfortunately, protein bands of yielded seeds originated from 40 ppm Nano-Se treated plants were not analyzed. Regarding Giza 6, both Nano-Se concentrations (20 ppm and 40 ppm) caused loss of proteins with molecular weight 115, 50 and 18 KDa, in the same time resulted in formation of new proteins with molecular weight 75 KDa and 53 KDa. Only at 40 ppm Nano-Se, the proteins with molecular weight 35 and 85 KDa were missed. The depletion or synthesis of proteins as a result of Nano-Se application indicated that Nano-Se substitute sulphur element in S-containing proteins leading to incorrect folding and destroy protein structure [38] .
Total antioxidant
The results presented in (Fig. 3 ) showed that total antioxidant in yielded seeds decreased significantly (P < 0.05) in NC cv. of groundnut plants and non-significantly (P > 0.05) in Gregory cv. by exposure to Nano-Se. on the other hand, in Giza 6 cv., total antioxidant increased (P < 0.05) in response to Nano-se application, especially at high concentration as compared with control values. These results may be due to the positive role of Nano-Se on lipid peroxidation and antioxidant enzymes, i.e., Catalase (Cat), ascorbate peroxidase (APX) and peroxidase (POX), as indicated by the increment in POX activities and the general decrement in Cat, APX [2] .
Cytotoxicity of Nano-Se on two types of human Cell Line
The MTT results of the impact of seeds extract originated from Nano-Se treated plants on Bj1 cell line; normal human cell line derived from healthy skin tissue and Rep1 cell line, normal human cell line derived from pigmented epithelium tissue of Retina Eye are illustrated in Fig. 4 (A&B). Most tested samples showed positive results in the growth inhibition percentages on Bj1 and Rep1cell lines, the positive response depending on the Nano-Se concentration and type of groundnut cultivar. Interestingly, the highest growth inhibition percentages in Bj1 and Rep1cell lines were detected (P < 0.05) with the seeds extracts of 20 ppm and 40 ppm Nano-Se treated Gregory cv. plants compared to those of other treated and untreated cultivars. In this concern, Nano-Se has ability on increment the growth inhibition percentage of tested cell lines through induction of proteins with low molecular weight, increment of unsaturated fatty acids such as oleic and linolenic and decreased saturated fatty acids like palmitic and stearic fatty acids in yielded seeds of groundnut plant cv. Gregory. The results indicated that growth inhibition% of human cell lines associated with total antioxidant value in seed of Nano-Se treated plants and vice versa. Also, our results indicated that Nano-Se increases free radicles stress as indicated by the rise in total antioxidant and/or mission of low molecular weight proteins as well as changes in fatty acids composition, especially oleic and/or linolenic content. Additionally, Luo et al., 2012 recorded that Nano-Se inhibits the growth of human cells through induction of cell cycle arrest at S phase [39] .
Conclusions
Nanoparticles of selenium have a potential antioxidant with reduced toxicity due to its redox state of zero (Se 0 ). Application of engineered Nano-Se in plant production and improvement has shown remarkable promising potential. Nano-Se showed higher inhibition of ROS which suggests the free radical scavenging efficiency of Nano-Se through increment of total antioxidant content reduced risk of Nano-Se on plants and human. Their exposure to plants has also altered fatty acid composition and protein signatures. Nano-Se may be applied in crop plants to increase the quality and quantity of yield associated with biosafety properties on plants and human health.
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